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Mild cognitive impairment (MCI) as a precursor of dementia with Lewy bodies (DLB) is the focus of
recent research, trying to explore the early mechanisms and possible biomarkers of DLB. Quantitative
electroencephalogram (QEEG) methods are able to differentiate early DLB from Alzheimer’s disease (AD).
The aim of the present study was to assess whether QEEG abnormalities, characterized by dominant
frequency <8 Hz and dominant frequency variability >1.5 Hz, typical of early DLB, are already present at
the stage of MCI and to evaluate whether EEG abnormalities can predict the development of DLB. Forty-
seven MCI subjects were followed for 3 years. EEG recordings were obtained at admission and at the end
of the study. At the end of follow-up, 20 subjects had developed probable DLB (MCI-DLB), 14 had
probable AD (MCI-AD), 8 did not convert to dementia, 5 developed a non-AD/DLB dementia. One hun-
dred percent of MCI-DLB showed EEG abnormalities at admission. Ninety three percent of MCI-AD
maintained a normal EEG throughout the study. QEEG may represent a powerful tool to predict the
progression from MCI to DLB with a sensitivity and specificity close to 100%.
 2015 The Authors. Published by Elsevier Inc. All rights reserved.1. Introduction
The early identification of dementia is becoming increasingly
important, as it is likely that it is during this time period, before the
manifestation of significant pathophysiological change that disease
modifying treatments will have their biggest impact. Dementia is
generally preceded by an early preclinical phase, which progresses
to mild cognitive impairment (MCI) and finally to dementia (Albert
et al., 2011). The observations and evaluation of MCI patients
through neuropsychological tools designed to assess different
cognitive domains (such as memory, executive functions, and vi-
suospatial skills) commonly applied to patients with dementia,
allow the definition of 2 main MCI subtypes: amnestic MCI (aMCI),
which presents with dominant memory function impairment; and
nonamnestic MCI (naMCI), which presents with prominente CC BY license (http://
ence and Imaging, University
0 Chieti, Italy. Tel./fax: þ39
Published by Elsevier Inc. All righimpairment of cognitive domains other than memory, and includes
attention, language, executive functions, visuospatial skills.
In both MCI subtypes, the cognitive impairment can be
restricted only to a specific domain (e.g., memory and attention),
defining the so-called single-domain MCI, or can present as a
combination of dysfunctions in more than 1 cognitive domain,
defining the so-called multiple domain MCI (Winblad et al., 2004).
It has been proposed that the different subtypes of MCI are
associated with progression to different dementia types.
Specifically, patients with amnestic MCI are considered more
likely to progress to Alzheimer’s disease (AD) (Petersen et al., 2001),
whereas patients with naMCI are more likely to progress to a non-
AD dementia, including, for example, dementia with Lewy bodies
(DLB) (Boeve, 2012).
Currently, great efforts are being put toward the early identifi-
cation of preclinical, biological, clinical, laboratory markers which
are able to predict the conversion ofMCI to AD (Sperling et al., 2011).
An example of a successful biomarker of conversion fromMCI to
AD is the analysis of proteins present in the cerebrospinal fluid
(CSF) and in particular total tau (tau), phosphorylated tau (P-tau),
and the 42-amino-acid isoform of amyloid-b1e42 (Ab42) (Parnetti
et al., 2012). Similarly, structural and functional neuroimagingts reserved.
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(Tosun et al., 2013).
A further promising approach to assess the conversion of MCI
subjects to AD subjects or to study the progression of AD frommild
to more pronounced stages of dementia is the recording of resting
state eyes-closed electroencephalographic (EEG) rhythms.
Cortical sources of resting state EEG rhythms inmild AD patients
are sensitive to the disease progression at the early stage over 1 year
(Babiloni et al., 2013). In particular, follow-up EEG recordings
(Babiloni et al., 2013) have demonstrated that alterations of EEG
cortical rhythms characterized either by increased power of wide-
spread delta sources and decreased power of alpha and posterior
beta (13e20 Hz) sources in mild AD patients or by decreased power
of posterior alpha sources in amnestic MCI subjects correlate with
cognitive decline (Babiloni et al., 2013, 2014).
However, althoughMCI as a prodromal condition for AD is awell
studied and characterized condition, (Petersen et al., 2001), MCI
associated with Lewy body disease (including DLB and PDD), which
represents the second most common form of neurodegenerative
dementia and associated with highly distressing behavioral symp-
toms (McKeith et al., 2005) appears to be less typified in literature
(Auning et al., 2011; Burn and Barker, 2013; Litvan et al., 2011).
EEG has extensively been studied as a possible tool to assess the
presence of dementia (Breslau et al., 1989; Briel et al., 1999;
Giaquinto and Nolfe, 1986), and in Consensus criteria for the diag-
nosis of DLB, EEG abnormalities are described among the sup-
portive features for the diagnosis of DLB (McKeith, 2005).
Several studies suggested that EEG analyzed with quantitative
methods is able to differentiatewith high specificity and sensitivity,
DLB from AD from the very early stages of disease (Andersson et al.,
2008; Bonanni et al., 2008; Franciotti et al., 2006; Walker et al.,
2000), and these alterations of electrocortical arousal are highly
correlated with the presence of fluctuating cognition (Andersson
et al., 2008; Bonanni et al., 2008; Franciotti et al., 2006; Walker
et al., 2000), a core symptom for the diagnosis of DLB, which
among the various clinical features proposed for DLB diagnosis, has
been demonstrated to be the most specific (Tiraboschi et al., 2006).
In contrast, in AD patients EEG abnormalities are typically rep-
resented by slowing of the background activity, which is reported
either as widespread on the scalp derivations or as more prominent
in temporal derivations (Valladeres-Neta et al., 1995).
In our previous systematic study (Bonanni et al., 2008), however,
when attempting to differentiate EEG characteristics of DLB from
those found in AD patients, the highest statistical yields were ob-
tained in the comparison of dominant frequency and variability of
the dominant frequency measured on recordings from posterior
derivations. No statistical differences were found in temporal der-
ivations between the 2 disease groups (Web material 1).
This finding can be explained by the presence of delta and/or
theta activity in temporal derivations of both DLB and AD patients,
in line with the results widely reported in literature (Babiloni et al.,
2013).
Although AD patients present with an EEG pattern, character-
ized in posterior derivations by a dominant frequency in the alpha
band prevalent in>55% of the analyzed EEG epochs and a dominant
frequency variability <1.2 Hz, DLB patients present with derange-
ment of EEG background activity in occipital derivations, charac-
terized by dominant frequency in frequency bands lower than
alpha (i.e., pre-alpha, theta, and delta) with dominant frequency
variability>1.2 Hz and a frequency prevalence of pre-alpha in>40%
of the analyzed EEG epochs and a frequency prevalence of alpha
rhythm in <32%, as detailed in (Bonanni et al., 2008).
The aim of the present study is 2-fold: (1) to assess whether EEG
characteristics described in our previous work as typical of early
DLB and/or PDD are already present in MCI subjects; (2) evaluatewhether possible EEG abnormalities in MCI individuals can predict
the subsequent development of DLB.
2. Methods
2.1. Patients
Thestudysamplewasrecruitedamongthenewreferrals in theyear
2008 to theMemoryClinic andMovementDisorderCentre,Neurology
Clinic of the University G. d’Annunzio of Chieti-Pescara, serving a
population of 1,200,000 inhabitants of Abruzzo region, central Italy.
Given that the principal aim of the study was to assess the
predictive value of EEG in the early diagnosis of DLB, we enriched
our study sample by the inclusion ofMCI subjects who had at least 1
core or suggestive DLB symptom (McKeith et al., 2005). Therefore,
based on DLB prevalence in our dementia center (Bonanni et al.,
2013) we selected 3 MCI subjects with 1 core or suggestive DLB
symptom, according to DLB diagnostic criteria (McKeith et al, 2005)
for every MCI subject without any DLB symptom.
A total of 99 subjects referred to our center because of subjective
complaint of cognitive impairment. Forty-seven subjects were
addressed to our attention by the general practitioners who had
noticed changes in the cognitive performances of their patients.
Concerns about cognitionwere expressed by the individual’s family
members in 30 cases and by the individuals themselves in the
remaining 22 cases.
The individuals were categorized asMCI according to the criteria
proposed by Petersen et al. (1999), including the presence of sub-
jective complaint of memory dysfunction; pathologic scores in
memory tests for age and educational level, underlying a memory
impairment not interfering with the activities of daily living and
normal general cognitive function.
International criteria for DLB diagnosis were applied to select
MCI subjects with and without 1 core or suggestive feature of DLB.
Any subjects who had a prior history of PD or PD symptoms longer
than1yearbeforeadmission tothestudywereexcluded fromthestudy.
Furthermore, the international diagnostic criteria for AD
(McKhann et al., 1984), vascular dementia (Roman et al., 1993), DLB
(McKeith et al., 2005), and frontotemporal dementia (McKhann
et al., 2001) were applied to exclude the presence of overt dementia.
All the subjects were tested with a composite battery of tests for
cognition, including the Mini Mental State Examination (MMSE),
the Clinical Dementia Rating (Morris et al., 1993), the Global
Deterioration Scale (Reisberg et al., 1982), and the Dementia Rating
Scale-2 (DRS-2) (Jurica et al., 2001).
An MMSE score of >24, a global Clinical Dementia Rating rating
of stage 0.5 (defined as “questionable impairment”), a Global
Deterioration Scale score of 2e3, and a DRS-2 score >123 were
considered necessary to MCI diagnosis.
The presence of accompanying illnesses including neoplasia,
blood hypertension, diabetes, obesity, malnutrition (vitamin defi-
ciency), thyroidal diseases; alcohol present or past abuse, use of
antidepressants, anticonvulsants, and benzodiazepines; depression
as assessed by the Geriatric Depression Scale (Yesavage et al., 1982-
1983) (score >5) were considered as exclusion criteria.
A total of 47 of 99 individuals fulfilled the criteria for MCI and
were admitted to the study. Among them 21 had 1 core or sug-
gestive feature of DLB (Fig. 1 summarizes the study design).
For comparison 50 DLB and 50 AD patients inmild stage (disease
duration: 1e2 years), matched with MCI subjects for age and
educational level were randomly selected from our dementia reg-
ister. The diagnosis of DLB or AD was made according to interna-
tional criteria (McKeith et al., 2005; McKhann et al., 1984). In
addition, 50 age and educational level-matched healthy individuals,
with no either subjective or objective cognitive deficits and no
Fig. 1. Study design flow chart. Abbreviations: AD, Alzheimer’s disease; CTL, control subjects; DLB, dementia with Lewy bodies; DRS-2, Dementia Rating Scale-2; EEG, electro-
encephalogram; FTD, frontotemporal dementia; GerDepScale, Geriatric Depression Scale; MCI, mild cognitive impairment; MMSE, Mini Mental State Examination; MRI, magnetic
resonance imaging; MSA, multiple system atrophy; PSP, progressive supranuclear palsy; SPECT-DAT scan, single photon emission computerized tomography-dopamine transporter
scan.
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from our normative cohort and included in the study.
2.2. Study design
The study was composed of 2 parts:
 Cross-sectional study: clinical, neuropsychological, and EEG
assessments were performed and analyzed in the 4 groups of
subjects at admission to the study.
 Prospective longitudinal study: the 4 groups of subjects were
followed for 3 years. Clinical and neuropsychologicalassessments were repeated every 6 months during the 3-year
follow-up period.
Before being enrolled in the study, all subjects signed a written
informed consent. The investigation was carried out according to
the Declaration of Helsinki and subsequent revisions (Declaration
of Helsinki, 1997).
All the subjects admitted to the study underwent a standardized
neurologic examination, a magnetic resonance imaging scan, and a
dopaminergic presynaptic ligand ioflupane single photon emission
computer tomography (SPECT)-dopamine transporter (DAT) scan.
The presence and severity of parkinsonian motor signs were rated
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Scale (Fahn and Elton, 1987).
The presence of REM sleep behaviour disorder (RBD) was eval-
uated according to minimal International Classification of Sleep
Disorders criteria for RBD (World Health Organization, 1992) and
confirmed by polysomnographic recordings.
The presence of behavioral and neuropsychiatric symptoms
(including delusions, hallucinations, agitation/aggression, depres-
sion/dysphoria, anxiety, elation/euphoria, apathy, dysinhibition,
irritability, and aberrant motor behavior) was rated with the
Neuropsychiatric Inventory (Cummings et al., 1994).
The presence and severity of cognitive fluctuations were eval-
uated using the Clinician Assessment of Fluctuations (CAF) (Walker
et al., 2000). The presence of frontal lobe dysfunction was assessed
by Frontal Assessment Battery (Dubois et al., 2000).
For the longitudinal study, the conversion to AD was assessed in
the MCI subjects and healthy individuals by the application of
NINCDS-ADRDA criteria (McKhann et al., 1984), in the absence of
any DLB core or suggestive symptoms (McKeith et al., 2005). The
diagnosis of DLB was based on criteria recommended by the
Consensus on DLB (McKeith et al., 2005).
Diagnosis of AD or non-AD (DLB) dementia was supported by
the measurement of specific protein levels (Ab42, tau, and Ptau) in
the CSF (Parnetti et al., 2001).
A CSFAD profile was defined as follows: beta amyloid level<800
pg/mL, total tau >300 pg/mL, and phosporylated-tau protein >60
pg/mL.
A CSF profile suggestive of DLB was defined as follows: beta
amyloid level<800 pg/mL, total tau>300 pg/mL, and P-tau<60 pg/
mL (Parnetti et al., 2008).
All the clinical and neuropsychological examinations performed
at admission to the study were repeated every 6 months until the
end of the study in the 4 groups of subjects.
2.3. EEG recordings
The patients underwent EEG recordings according to previously
published methods (Bonanni et al., 2008). Caffeine, nicotine, and
alcohol were not allowed for at least 48 hours before neuropsy-
chological and neurophysiological assessments. EEG recordings
were analyzed with methods described in our previous work
(Bonanni et al., 2008) by 2 experimenters unaware of the clinical
conditions of the subjects. Briefly, quantitative EEGs (QEEGs) were
recorded from 21 scalp derivations. Ag/AgCl disk scalp electrodes
(19) were placed according to the international 10-20 system, EEG
was recorded fromFp1, Fp2, Fz, F3, F4, F7, F8, Cz, C3, C4, Pz, P3, P4, T3,
T 4, T5, T6, O1, and O2. Two additional electrodes were placed on A1
and A2. EEG activity was analyzed from single or multiple leads
grouped to define the following scalp regions: anterior (Fz, Fp2, F7,
Fp1, F3, F4, and F8), central (Cz, C3, and C4), posterior (Pz, P3, P4, O1,
andO2), and temporal (T3, T4, T5, and T6). The posterior scalp region
in our previous work was demonstrated to provide the highest sta-
tistical yield in the comparison of EEG traces between AD and DLB
patients. Recordings were obtained with subjects resting comfort-
ably, with their eyes closed. Patients’ wakefulness was ascertained
every 2minutes inviting them to open their eyes and checking block
reactions. A simultaneous electrooculogram was recorded and
muscular or tremor artefacts were controlled with supplementary
derivations. Two pairs of bipolar recording channels for respiration
and electrocardiogram were also applied. EEG was acquired as a
continuous signal for 30 minutes and visually inspected for current
clinical interpretation or detection of artefacts and stored to be
epoched in off-analysis setting as series of 2 seconds-long epochs.
The computer collected 10 minutes of EEG recorded with closed
eyes, digitized at 1024 Hzwith a low filter at 0.5 Hz and high filter at70 Hz (decay constant 12 dB) with a 50 Hz notch filter in each
channel. Blocks of artefact-free 2-secondelong epochs appearing
consecutively for 20e40 seconds were selected off-line by visual
inspection after preprogrammed automatic blink reduction and
muscle and tremor artefact rejection system and were compared
with the remaining artefact-free epochs to avoid possible discrep-
ancies among acquired sets. A total of 90 epochs per patient were
processed by an automatic transforming program present in the
NEUROSCAN SynAmps System performing a Fast Fourier Transform
(FFT) on each epoch of EEG acquisition, allowing a frequency
resolution ¼ 0.5 Hz. The obtained spectra values were then pro-
cessed to compute a mean power spectrum (mPS) for each channel
and expressed in square mV (mV2). The mPS was divided automati-
cally into 4 frequency bands (1e4 Hz [delta], 4e5.5 Hz [theta],
5.5e8 Hz [fast theta or pre-alpha], 8e12 Hz [alpha]). These bands
were defined in our previous study (Bonanni et al., 2008).
Power spectrum was expressed as log-transformed FFT and
dominant frequency (DF), that is, the frequency, where the spectral
power was maximum, was evaluated for each epoch and for the
mPS across all epochs. Mean relative power spectra (percentage of
the global mPS for each frequency band) were computed and log
transformed to normalize the data (Rodriguez et al., 1999). Mean
relative power spectra was automatically calculated and expressed
in numeric percentages for each one of the single epochs obtained
from each scalp derivation.
Single channel power spectra were represented as compressed
spectral arrays (CSA) showing the sequences of absolute or relative
power spectra in each one of the 90 analyzed epochs.
CSA is the epoch to epoch representation of FFT, for each deri-
vation. It showspeaks of amplitudes corresponding to frequencies in
a single epoch (Bickford et al., 1973). These peaks of amplitude
appear as salient patterns and peaks of amplitude that could either
be relativelystable through timeorchange (i.e., different frequencies
could have the highest amplitude through time). CSAs can be
quantified by the following mathematical descriptors: (1) DF-
dominant frequency; (2) DF range, expressing the range of domi-
nant frequencies in the 90 epochs; (3) frequency prevalence (FP),
that is, the percentage of epochs where prevalence of a dominant
frequency band is observed (1%e100%); (4) band inscription (BI),
that is, the percent of epochswhere a peak of frequency is identified
with a total amplitude above the mean amplitude of random peaks
(noise); (5) frequency ratio, that is, band powers of pre-alpha or
alpha versus delta, theta, and pre-alpha or alpha; (6) DF variability
(DFV) expressing the variability of DF across the 90 analyzed epochs.
In our previous study the highest statistical yields between EEG
characteristics of AD and DLB patients were obtained in the com-
parison of DF, DFV, and FP measured on recordings from posterior
derivations.
FP showed that alpha was present in 60% or more epochs
recorded in 100% of AD patients with an amplitude ratio of 8.0 2.8
in comparison with every other frequency. In DLB patients, alpha
was dominant in 32% or fewer epochs and absent in 66.7% of pa-
tients. Pre-alpha was prevalent in 40% or more epochs in 100% of
DLB patients and in 11% or fewer epochs in 100% of AD patients.
Mean DF, DFV, and FP expressing the percentage of epochs
where dominant alpha, pre-alpha, or theta-delta frequencies were
found, and on the percentage of epochs where alpha, pre-alpha,
theta-delta activities were detected (BI) and translated into 5 pat-
terns of EEG activity classified in the 90 epochs recorded from
derivations of AD and DLB patients.
The first pattern corresponded to dominant alpha in 60% or
more of analyzed epochs (DF 8 Hz, FP alpha 60%), DFV of alpha
below 0.6 Hz, mean DFV of all epochs below 1.6 Hz. BI of pre-alpha,
theta, or delta activities below 30% of epochs; this pattern was
defined as stable alpha, pattern 1.
L. Bonanni et al. / Neurobiology of Aging 36 (2015) 434e445438The second pattern consisted of dominant alpha (8 Hz) in less
than 50% of the epochs, mean DFV above 2 Hz, and dominant pre-
alpha or theta (<8 Hz) in 40% of the epochs (FP pre-alpha >40%, BI
of pre-alpha-theta-delta 50%); this pattern was defined as unstable
alpha with pre-alpha or theta/delta, pattern 2.
The third pattern consisted of the absence of alpha, stable pre-
alpha (DF 7.9 Hz) in 70% of more of analyzed epochs, DF range
5.6e7.9 Hz, DFV of the analyzed epochs below 1.0 Hz; this pattern
was defined stable pre-alpha, pattern 3.
The fourth pattern consisted of the absence of alpha, dominant
pre-alpha in less than 70% of the analyzed epochs, dominant theta
or delta in 40% or more of epochs, DFV above 2.0 Hz; this pattern
was defined unstable pre-alpha with theta and/or delta, pattern 4.
The last pattern consisted of absence of alpha, absence of alpha/
pre-alpha dominant activity in more than 2 subsequent epochs
with DFV above 4 Hz. This pattern was defined as unstable low
frequency, pattern 5.
CSA sequences were classified as pattern 1 in 100% of the AD
patients. EEG recordings of DLB were classified only in patterns 2, 3,
4, and 5, with a specificity and sensitivity of 100%.
Web material 1 reports pattern categorization according to the
variables. In the present study, the EEG variables taken into
consideration for traces analysis were as follows: CSA patterns
(assuming for each pattern the aforementioned FP and BI), DF, and
DFV recorded from posterior scalp derivations.
However, to reassure ourselves on the diagnostic validity of the
categorization in EEG CSA specific patterns together with their
mathematical descriptors, we also analyzed EEG traces according
to different methods: classic interpretation method, EEG total,
and relative power, mean frequency andmean frequency variability
and CSA patterns with DF and DFV recorded also from anterior and
temporal scalp derivations. Web material 1 shows results of the
different EEG evaluation methods.
3. Statistical analysis
Differences between groups (MCI-AD, MCI-DLB, MCI non
converters, AD, DLB, and controls) were tested using analysis of
variance (ANOVA) with Bonferroni correction (checked with
Kruskal-Wallis statistics) for continuous variables and Fisher exact
test for categorical variables. As the main outcome, attempts were
made to use polytomous logistic regression to test the differences
across groups in each EEG characteristics adjusting for potential
confounders. However, the presence of clear cutoffs, fully predict-
ing the outcome for most EEG characteristics, made unfeasible any
multivariate analysis that may produce estimates of the strength of
the association between EEG patterns and type of disease.
To understand the relationship between the CSA at baseline and
patients’ condition at follow-up, we used correspondence analysis.
This analysis is capable of providing the distance between the
category points of 2 nominal variables in a 2-dimensional plot with
similar categories plotted close to each other.
Correlations between EEG CSA patterns and neuropsychological
test scores were tested with Spearman test. All analyses were car-
ried out using STATA statistical software, version 9.0 (Stata Corp,
Texas Station, TX, USA 2006).
4. Results
4.1. Cross-sectional study
4.1.1. Clinical and neuropsychological assessment at admission
Demographic and neuropsychological test scores of the 4 groups
of subjects at admission to the study are reported in Table 1. Table 2
reports the DRS-2 subitems scores for all the studied groups.No differences were found, as for inclusion criteria, between the
4 groups with regard to age and educational level (Web table 1).
Among the 99 subjects referred to our clinic for the presence of
subjective memory complaints, 52 subjects were excluded from the
study. Among them, 36 subjects had an MMSE <24 (7 of them had
<22) and 16 subjects had a Geriatric Depression Scale score >5
(mean score, 7.3  1.0).
Our MCI population was therefore composed by 47 subjects: 31
males and 16 females. Demographic, neuropsychological, and lab-
oratory characteristics of MCI subjects are reported in Table 1. Inter-
groups differences were found in neuropsychological and clinical
characteristics as summarized in Web table 1.
Twenty-two subjects had memory complaint and were classi-
fied as aMCI. Sixteen of them were single-domain aMCI, 6 had
subjective impairment in more than 1 domain, including memory
(executive function, attention), as assessed by DRS-2 scale.
Twenty-five subjects were affected by MCI involving other do-
mains than memory (nonamnestic MCI, naMCI). Five of them were
single-domain naMCI (with attention deficits or visuospatial dis-
order), 20 subjects were affected by multiple domain naMCI.
No differences were found in global performance at DRS2 be-
tween aMCI and naMCI (Web material 2). Twenty-one patients had
parkinsonian signs at admission to the study (UPDRS motor score,
16.410.8), with an onset within 6months before the admission to
the study.
The remaining 26 patients had an UPDRS motor score of 0e3.
NineteenMCI subjects presentedwithRBDatonset. Four subjects had
a CAF score of 2e4. One patient had VH. Nineteen subjects presented
with 1 core or suggestive clinical feature of DLB at admission to the
study. Twenty-six subjects had a positive SPECT-DAT scan, showing
caudate monolateral (7 patients) or bilateral hypocaptation.
4.1.2. EEG characteristics at admission
The EEG recordings showed an EEG CSA pattern of 1 in 19 MCI
subjects (DF ¼ 9.6  0.8, DFV 0.2  0.3). Of them 15 subjects were
aMCI (either single or multiple domain) and 4 subjects were naMCI
(1 single domain). Twelve individuals showed an EEG CSA pattern 2
with a mean DF 8.2  0.5 and DFV 1.7  0.9. Of them 4 individuals
were aMCI and 8 individuals were naMCI.
In 1 MCI subject, EEG recording was represented by an EEG CSA
pattern 3 with DF of 7.5 and DFV of 0.0. Furthermore in 10 patients,
EEGtraceswerecharacterizedbyavariablealphadominant frequency
with a mean DF of 9.1 0.7 and DFV of 1.9 0.7, as evidenced by the
presence of peaks of frequency variable within the range of the alpha
band (8.5e10.5 Hz). One of the patients was a single-domain aMCI.
The remaining 9 patients were naMCI with 1 single-domain naMCI.
This pattern, never observed in the cohort included in the pre-
vious EEG study (Bonanni et al., 2008), was characterized by DF in
the alpha frequency band with intrinsic variability 1.5 Hz and was
defined as “pattern 1 plus” (Fig. 2 shows the pattern 1 plus in
comparison with examples of other CSA patterns). Table 3 sum-
marizes CSA pattern distributions in MCI subjects together with
values of the specific CSA mathematical descriptors (DF and DFV).
4.2. Longitudinal study
4.2.1. Clinical and neuropsychological evaluations at follow-up
At the end of the 3-year follow-up study, 34 subjects were
affected by overt DLB or AD dementia (MCI converter). Their neu-
ropsychological characteristics are reported in Table 1. Of them, 14
subjects diagnosed with dementia agreed to undergo lumbar
puncture for the measurement of specific proteins levels in the CSF
(Ab42, tau, and P-tau) and 20 patients (19 subjects with a core and/
or suggestive clinical DLB feature) fulfilled the criteria for DLB and
were designated as MCI-DLB (i.e., former MCI subjects who
Table 1
Demographic, clinical, neuropsychological, laboratory characteristics of subjects included into the study
MCI tot (47 pts) MCI-C (34 pts) MCI-NC (8 pts) MCI-DLB (20 pts) MCI-AD (14 pts) DLB (50 pts) AD (50 pts) Controls
(50 subjects)
Age 73.3 (7.8) 73.0 (8.4) 74.4 (5.8) 74.1 (7.0) 71.9 (9.7) 70.3 (4.9) 71.3 (4.4) 72.6 (5.4)
Gender 16 F/31 M 14 F/20 M 2 F/6 M 7 F/13 M 7 F/7 M 23 F/27 M 30 F/20 M 24 F/26 M
Education (y) 8.9 (4.7) 8.2 (5.1) 6.9 (3.8) 7.6 (5.3) 9.0 (4.8) 7.5 (5.5) 8.0 (5.8) 7.4 (6.2)
GerDepScale
Onset 1.1 (1.3) 0.6 (0.9) 1.5 (1.5) 0.5 (0.9) 1.2 (1.3) 1.1 (1.1) 1.0 (1.1) 0.6 (0.7)
MMSE
Onset 26.4 (2.0) 25.8 (1.6) 27.7 (1.8) 25.7 (1.1) 25.9 (1.8) 22.7 (1.3) 21.9 (2.5) 28.9 (0.8)
Follow-up 22.3 (3.7) 20.5 (3.2) 26.3 (1.0) 20.6 (3.2) 20.5 (3.3) 17.0 (3.2) 14.6 (3.5) 28.4 (0.9)
DRS-2
Onset 123.2 (14.9) 120.0 (15.2) 130.0 (11.0) 120.5 (16.6) 119.6 (13.6) 102.9 (15.2) 100.3 (9.0) 137.3 (2.9)
Follow-up 111.4 (18.1) 105.0 (16.6) 126.5 (9.6) 106.6 (13.5) 103.1 (19.0) 82.9 (17.9) 73.7 (13.2) 135.7 (3.6)
FAB
Onset 11.5 (3.8) 11.0 (3.7) 14.4 (3.9) 11.0 (3.8) 11.1 (4.0) 11.2 (1.6) 12.3 (2.1) 17.8 (0.5)
Follow-up 9.5 (3.9) 8.8 (3.6) 13.1 (4.3) 8.5 (3.9) 8.9 (3.8) 7.3 (2.3) 8.0 (3.3) 17.5 (0.9)
GDS
Onset 2.5 (0.6) 2.5 (0.5) 2.1 (0.4) 2.6 (0.5) 2.7 (0.6) 4.0 (0.3) 4.2 (0.3) 0.0 (0.0)
Follow-up 3.5 (0.8) 3.9 (0.5) 2.3 (0.7) 4.4 (0.9) 4.5 (0.8) 4.4 (0.5) 4.5 (0.6) 0.0 (0.0)
CDR
Onset 0.2 (0.3) 0.2 (0.2) 0.5 (0.0) 0.4 (0.2) 0.3 (0.2) 1.2 (0.5) 1.5 (0.5) 0.0 (0.0)
Follow-up 0.5 (0.5) 1.0 (0.2) 0.5 (0.0) 1.0 (0.3) 1.0 (0.1) 2.0 (1.0) 2.5 (1.5) 0.0 (0.0)
UPDRS
Onset 8.2 (11.2) 6.8 (10.9) 7.1 (12.1) 10.8 (13.7) 2.9 (5.5) 12.3 (6.7) 0.4 (0.6) 0.0 (0.0)
Follow-up 13.6 (13.3) 13.8 (13.8) 9.5 (14.0) 23.0 (12.6) 4.3 (7.4) 16.9 (3.2) 0.8 (1.0) 0.0 (0.0)
CAF
Onset 0.2 (0.8) 0.1 (0.7) 0.0 (0.0) 0.3 (1.1) 0.0 (0.0) 5.7 (2.1) 0.2 (0.2) 0.0 (0.0)
Follow-up 1.2 (2.0) 1.5 (2.2) 0.0 (0.0) 3.4 (2.0) 0.0 (0.0) 9.4 (1.4) 0.2 (0.2) 0.0 (0.0)
VH, % (no. of pts)
Onset 2 (1) 2.9 (1) 0 0 7.1 (1) 28 (14) 2 (1) 0.0 (0.0)
Follow-up 26.5 (9) 26.5 (9) 0 40 (8) 7.1 (1) 64 (32) 4 (2) 0.0 (0.0)
Positive SPECT-DAT scan % (no. of pts)
Onset 55.3 (26) 61.8 (21) 37.5 (3) 95 (19) 14.3 (2) 100 0 0
RBD % (no. of pts)
Onset 40.4 (19) 47.1 (16) 25 (2) 70 (14) 14.3 (2) 64 (32) 2 (1) 2 (1)
Follow-up 48.9 (23) 58.8 (20) 25 (2) 85 (17) 21.4 (3) 94 (47) 2 (1) 2 (1)
When not differently stated, data are presented as mean (standard deviation).
Key: AD, Alzheimer’s disease; CAF, Clinician Assessment of Fluctuations; CDR, Clinical Dementia Rating; CSF, cerebrospinal fluid; DLB, dementia with Lewy bodies; DRS-2,
Dementia Rating Scale-2; FAB, Frontal Assessment Battery; GDS, Global Deterioration Scale; GerDepScale, Geriatric Depression Scale; MCI, mild cognitive impairment;
MCI-AD, MCI subjects who converted to AD; MCI-DLB, MCI subjects who converted to DLB; MCI-C, MCI converted to AD or DLB; MCI-NC, MCI non converters; MMSE, Mini
Mental State Examination; pts, patients; RBD, REM sleep behavior disorder; SPECT-DAT scan, single photon emission computer tomography-dopamine transporter; UPDRS,
Unified Parkinson’s Disease Rating Scale; VH, visual hallucinations.
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which showed a non-AD dementia protein pattern.
Two of them (10%) were aMCI at admission. Among the other 18
patients (90%), 4 were single-domain naMCI and 14 were multiple
domain naMCI. Fourteen patients were diagnosed as AD andTable 2
DRS-2 subitems scores in the studied groups
DRS2 MCI tot MCI-C MCI-NC MCI-DL
Attention
Onset 34.2 (2.1) 33.6 (2.1) 35.8 (1.6) 33.1 (2
Follow-up 31.2 (4.4) 30.4 (4.3) 34.4 (2.1) 29.9 (4
Initiation perseveration
Onset 31.1 (6.3) 29.9 (7.0) 33.8 (2.3) 30.0 (7
Follow-up 27.1 (8.0) 26.2 (7.9) 32.8 (2.8) 26.2 (8
Construction
Onset 5.4 (1.0) 5.3 (1.1) 5.9 (0.4) 4.9 (1
Follow-up 4.9 (1.2) 4.7 (1.2) 5.8 (0.7) 4.7 (1
Conceptual
Onset 33.7 (5.6) 32.7 (5.8) 35.3 (4.9) 32.3 (6
Follow-up 30.8 (6.5) 29.8 (6.7) 34.9 (5.0) 30.3 (5
Memory
Onset 18.8 (5.1) 18.9 (5.4) 17.6 (5.2) 20.8 (5
Follow-up 16.3 (5.4) 16.0 (5.7) 17.4 (5.3) 18.7 (5
Total score
Onset 123.2 (14.1) 120.4 (14.9) 128.3 (10.1) 121.0 (1
Follow-up 110.3 (17.8) 107.1 (17.4) 125.1 (8.4) 109.6 (1
Data are presented as mean (standard deviation).
Key: AD, Alzheimer’s disease; DLB, dementia with Lewy bodies; DRS-2, Dementia Rating S
MCI-C, MCI converted to DLB or AD dementia; MCI-DLB, MCI subjects who converted toidentified as MCI-AD (former MCI subjects who converted to AD).
Among them, 6 patients underwent lumbar puncture which
showed a protein pattern suggestive of AD. Twelve of the 14 pa-
tients (85.7%) were aMCI (9 single-domain aMCI) and 2 patients
(13.3%) were multiple domain naMCI at admission to the study.B MCI-AD DLB AD Controls
.2) 34.5 (1.6) 24.4 (7.3) 28.1 (5.0) 35.0 (1.7)
.3) 31.2 (4.4) 18.1 (6.1) 20.5 (5.4) 34.4 (2.0)
.4) 29.7 (6.7) 26.8 (5.9) 26.4 (5.6) 34.3 (1.9)
.2) 26.4 (7.7) 22.7 (5.3) 19.1 (5.3) 33.9 (2.2)
.3) 5.8 (0.4) 3.2 (1.8) 5.0 (1.4) 5.9 (0.3)
.4) 4.9 (0.9) 2.6 (1.3) 3.9 (1.1) 5.7 (0.7)
.5) 33.4 (5.0) 25.8 (7.4) 25.6 (4.4) 37.4 (1.8)
.7) 29.1 (8.0) 21.7 (7.6) 18.9 (4.5) 37.1 (1.7)
.5) 16.3 (4.0) 22.5 (4.0) 15.2 (4.3) 24.7 (0.5)
.1) 12.1 (4.3) 17.9 (4.8) 11.3 (3.7) 24.6 (0.6)
5.7) 119.6 (14.1) 102.6 (15.2) 100.3 (9.0) 137.3 (2.9)
6.4) 103.6 (18.8) 82.9 (17.8) 73.7 (13.2) 135.7 (3.6)
cale-2; MCI, mild cognitive impairment; MCI-AD, MCI subjects who converted to AD;
DLB; MCI-NC, MCI non converters; tot, total.
Fig. 2. CSA of EEG recording from occipital derivations in 2 MCI patients (first 2 traces) and 4 DLB patients, showing the 6 EEG patterns described in the present study and in the
previous EEG study (Bonanni et al., 2008). Pattern 1: dominant frequency (DF) in the alpha range with stable alpha frequency recorded at admission to the study in an MCI subject
(later converted to AD). Pattern 1 plus: DF in the alpha frequency band with intrinsic variability ¼ 1.5 Hz (DF variable between 8 and 9.5 Hz). This pattern was never observed in the
previous EEG study (Bonanni et al., 2008) in patients with definite dementia. Pattern 2: notice variability of the dominant frequencies shifting from alpha (8.5 Hz) to dominant pre-
alpha (6 Hz). Pattern 3: notice stable DF at 6.5 Hz. Pattern 4: DF variability, with the fastest frequency at 6 Hz and inscription of lower frequencies at 2 Hz. Pattern 5: degraded EEG
pattern with the fastest frequencies slower than 5 Hz and delta activity at 1e4 Hz. Under each trace numbers in frames indicate the frequencies (in Hz) corresponding to power
peaks. Abbreviations: AD, Alzheimer’s disease; CSA, compressed spectral arrays; DLB, dementia with Lewy bodies; EEG, electroencephalogram; MCI, mild cognitive impairment.
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dementia (McKhann et al., 2001); 1 patient was diagnosed as
affected by progressive supranuclear palsy (PSP) (Litvan et al.,
1996); 1 patient was diagnosed as affected by multiple system at-
rophy (MSA) (Gilman et al., 1999).
At the end of follow-up, 8 patients still fulfilled the diagnostic
criteria for MCI and were defined as MCI non converters and
designated as MCI-NC. Among the MCI-NC, RBD was present in 2
subjects and was already present at admission to the study. UPDRS
motor score did not change as compared with the baseline. These 2
subjects had a positive DAT-scan at admission to the study.Therefore, even if they were not fulfilling the diagnostic criteria for
DLB, they showed features worthy to be followed for a longer
follow-up.
Among the 8 MCI-NC, 1 subject, with aMCI, reverted to a normal
subjective and objective cognitive performance, with an MMSE
increase by 1 point. In 7 MCI-NC subjects, MMSE either was un-
changed (2 patients) or decreased by 2 or points.
4.2.2. EEG characteristics at follow-up
All of the 20 MCI subjects who received a diagnosis of probable
DLB at follow-up (MCI-DLB), already presented with an EEG CSA
Table 3
EEG CSA patterns from posterior derivations in the different groups of subjects
MCI-DLB (20) MCI-AD (14) MCI-NC (8) DLB (50) AD (50) Controls (50)
CSA pattern 1
Onset 0 13 5 0 50 50
DF NA 9.7 (0.7) 9.8 (1.1) NA 9.2 (1.3) 8.6 (1.0)
DFV NA 0.1 (0.1) 0.1 (0.1) NA 0.7 (0.3) 0.4 (0.3)
Follow-up 0 13 5 0 29 50
DF NA 9.5 (0.6) 9.7 (0.9) NA 8.4 (0.7) 8.5 (1.2)
DFV NA 0.2 (0.3) 0.2 (0.2) NA 1.0 (0.4) 0.4 (0.4)
CSA pattern 1 plus
Onset 9 0 2 0 0 0
DF 9.5 (0.6) NA 9.6 (0.6) NA NA NA
DFV 1.8 (0.6) NA 1.8 (0.3) NA NA NA
Follow-up 0 0 1 0 0 0
DF NA NA 8.7 NA NA NA
DFV NA NA 1.0 NA NA NA
CSA pattern 2
Onset 10 1 1 12 0 0
DF 8.4 (0.7) 9 7.5 7.8 (0.8) NA NA
DFV 1.8 (0.9) 1.5 2.5 2.7 (1.2) NA NA
Follow-up 12 1 2 2 11 0
DF 8.5 (0.7) 9 7.7 (0.5) 7.3 (0.4) 7.8 (0.5) NA
DFV 2.2 (0.5) 1.5 2.4 (0.1) 4.3 (1.1) 2.1 (0.3) NA
CSA pattern 3
Onset 1 0 0 16 0 0
DF 7.6. NA NA 6.7 (0.6) NA NA
DFV 0 NA NA 0.8 (0.6) NA NA
Follow-up 8 0 0 17 5 0
DF 7.8 (1.0) NA NA 6.9 (0.6) 6.8 (0.6) NA
DFV 0.4 (0.3) NA NA 0.7 (0.4) 0.7 (0.4) NA
CSA pattern 4
Onset 0 0 0 15 0 0
DF NA NA NA 4.3 (0.8) NA NA
DFV NA NA NA 1.9 (0.5) NA NA
Follow-up 0 0 0 22 4 0
DF NA NA NA 4.3 (0.8) 8.0 (0.0) NA
DFV NA NA NA 2.9 (0.5) 2.2 (0.3) NA
CSA pattern 5
Onset 0 0 0 7 0 0
DF NA NA NA 3.0 (0.5) NA NA
DFV NA NA NA 2.3 (0.7) NA NA
Follow-up 0 0 0 9 1 0
DF NA NA NA 3.1 (0.6) 3.5 NA
DFV NA NA NA 2.9 (0.4) 2.5 NA
Data are reported as mean (standard deviation).
Key: AD, Alzheimer’s disease; CSA, compressed spectral array; DF, dominant frequency; DFV, dominant frequency variability; DLB, dementia with Lewy bodies; MCI, mild
cognitive impairment; NA, not applicable.
L. Bonanni et al. / Neurobiology of Aging 36 (2015) 434e445 441pattern different than 1 at onset of the study (Table 3). EEG ab-
normalities described as CSA salient patterns >1 and with reduced
DF and increased DFV were highly correlated with the appearance
of fluctuating cognition at follow-up as assessed by CAF question-
naire (Spearman rho ¼ 0.7, p ¼ 0.001).
At follow-up, EEGs of MCI-DLB appeared more compromised as
compared with their first EEG recording at admission to the study.
None of the patients presented with an EEG CSA pattern 1 plus at
follow-up (Table 3).
At admission to the study, 13 of the 14 MCI who converted to
AD (MCI-AD) had an EEG CSA 1 with a mean DF of 9.7  0.7 Hz
and a mean DFV of 0.1  0.1 Hz; and they maintained the
same EEG CSA pattern 1 until the end of our follow-up, high-
lighting that AD patients are characterized by a stable alpha
dominant activity in their EEG recordings (Bonanni et al., 2008)
(Table 3).
The EEG in MCI-NC subjects was characterized by a CSA pattern
1 in 5 subjects and a CSA pattern >1 in the remaining 3 subjects
(Table 3).
It was notable that the 2 MCI-NC subjects with a positive SPECT-
DAT scan and with RBD had an EEG CSA different than 1 by the
admission to the study.4.3. Statistical comparisons
ANOVA on MCI-DLB, MCI-AD and MCI-NC showed that DFV
values of MCI-DLB were higher than MCI-AD (p< 0.01) andMCI-NC
(p < 0.05) (Fig. 3). ANOVA on MCI-DLB, DLB, AD, and control sub-
jects showed that at onset DF, DFV, and CSA were different across
groups. DF was lower in DLB than in MCI-DLB (p < 104), AD (p <
105), and control subjects (p < 105), whereas DFV were higher in
MCI-DLB and DLB than in AD and controls (p < 105) (Fig. 3).
When considering EEG classification according to CSA salient
patterns, 100% of MCI-DLB had a CSA pattern >1 and 93% (13 of 14)
of MCI-AD had a CSA pattern 1. Among the MCI-NC subjects 3
showed a DLB-like EEG pattern and 5 an AD-like EEG pattern. These
results led to an overall predictive value for EEG CSA patterns of
76.2% in the 3-year follow-up study (Table 4). Fig. 4 shows the
distribution in a 2-dimensional plot of the studied subjects ac-
cording to EEG CSA patterns.
As shown in Fig. 4, MCI-AD, AD, and control subjects, all clus-
tered close to EEG pattern 1. The MCI-DLB clustered close to EEG
pattern 2 (including only in this figure, for clarity, both CSA pattern
1 plus and CSA pattern 2). In fact, it was evident at admission that
these patients showed an initial deterioration of the oscillatory
Fig. 3. ANOVA results on EEG parameters at onset. (A) Statistical comparison on DFV among MCI groups: MCI-DLB, MCI-AD, and MCI-NC. (B) Statistical comparison on DFV among
MCI-DLB, DLB, AD, and controls. (C) Statistical comparison on DF between MCI-DLB, DLB, AD, and controls; *p < 0.05, **p < 0.01, and ***p < 0.001. Abbreviations: AD, Alzheimer’s
disease; ANOVA, analysis of variance; DF, dominant frequency; DFV, dominant frequency variability; EEG, electroencephalogram; MCI, mild cognitive impairment; MCI-AD, MCI
patients converted to AD at follow-up; MCI-DLB, MCI patients converted to DLB at follow-up; MCI-NC, MCI patients stable at follow-up.
L. Bonanni et al. / Neurobiology of Aging 36 (2015) 434e445442activity characterized by variable dominant frequency intrinsic to
the alpha band or toward slower dominant frequencies (in the pre-
alpha band). Finally, the MCI-NC tended to cluster between MCI-AD
and MCI-DLB.
When considering CSA salient patterns as predictor variable of
the neurologic condition at follow-up in a logistic regression, 100%
ofMCI-DLB had a CSA pattern>1, whereas 93% (13 of 14 patients) of
MCI-AD had a CSA pattern 1. As already shown by the correspon-
dence analysis, MCI-NC were not adequately classified, as part of
the patients (5 of 8 patients) showed an MCI-AD-like CSA pattern
while the remaining (3 of 8 patients) showed anMCI-DLB -like EEG.
Finally, considering that 19 MCI subjects already presented with
1 core or suggestive feature of DLB at admission, we compared the
predictive value of CSA pattern at admission for the development of
DLB at follow-up with the predictive value of the presence of early
clinical features.
As reported in Table 5 and inWebmaterial 3 the predictive value
of the presence of DLB clinical features at the stage of MCI was
lower than the predictive value of EEG abnormalities (Table 4).
In particular, among the 19 subjects with 1 core and/or sug-
gestive feature of DLB at admission, 15 converted to DLB at follow-
up and 4 converted to AD. Furthermore, among the MCI-DLB, 5
patients did not present with any DLB clinical feature at admission
(Table 5).
Web material 4 presents results on EEG in comparative groups
and other dementias.
5. Discussion
The presence of EEG abnormalities in the very early phases of
DLB dementia suggests that EEG could be used as a supportive
diagnostic tool to study dementia subgroups (Bonanni et al., 2008).
In the present study, we tested the hypothesis that abnormal-
ities of electrocortical arousal found in DLB patients could be
already present at the stage of MCI and therefore could serve as a
prodromal marker of subsequent development of DLB.Table 4
Predictive value of EEG CSA salient patterns for the diagnosis of conversion to spe-
cific dementia
Observed Predicted
MCI-DLB MCI-NC MCI-AD Correct percentage
MCI-DLB 20 0 0 100.0
MCI-NC 3 0 5 0.0
MCI-AD 1 0 13 92.9
Overall percentage 54.8 0.0 45.2 76.2
Key: MCI-AD, mild cognitive impairment converted to Alzheimer’s disease; MCI-
DLB, mild cognitive impairment converted to dementia with Lewy bodies; MCI-
NC, mild cognitive impairment non converters.Our first finding was that, although control subjects showed a
normal EEG recording with stable dominant alpha frequency, more
than 50% of MCI subjects analyzed in our study showed EEG ab-
normalities, characterized by unstable dominant frequency inside
the alpha band or between alpha and pre-alpha frequency bands,
akin to abnormalities found in DLB patients in our previous EEG
study (Bonanni et al., 2008).
The finding of increased DFV in the alpha range allowed the
definition of a novel QEEG CSA pattern, never observed in our
previous study on dementia patients, which we named CSA pattern
1-plus. It was characterized by intrinsic variability of alpha domi-
nant frequency. In this pattern, alpha frequency, while still domi-
nant in all the epochs explored, was unstable with increased mean
dominant frequency variability (>1.5 Hz).
The appearance of this pattern, highly predictive of the subse-
quent development of cognitive fluctuations (rho ¼ 0.7) suggested
that disruption of electrocortical patterns is earlier and more subtle
than the appearance of clinically assessed cognitive fluctuations
(CAF questionnaire).
Cognitive fluctuations, although present across a range of de-
mentias (Bradshaw et al., 2004; Ferman et al., 1999) are quantita-
tively and qualitatively different in DLB compared with, for
example, AD appearing to be more driven by internal neurobio-
logical processes such electrocortical variations (Bonanni et al.,
2008; Bradshaw et al., 2004; Walker et al., 2000), in contrast to
AD where such fluctuations are more dependent upon environ-
mental and situational factors. Indeed cognitive fluctuations
represent a core feature for the diagnosis of DLB and may be more
specific to this condition in contrast to parkinsonian signs or vi-
suospatial deficits (pentagon drawing) (Tiraboschi et al., 2006).
However, the clinical assessment of fluctuations remains chal-
lenging (Lee et al., 2012). The CAF questionnaire which is perhaps
the most widely used to assess the presence and severity of
cognitive fluctuation has a cutoff score of 5 defined based on a
patient population with moderate dementia (MMSE around 19). It
is likely that such a score is too restrictive when assessing patient
populations affected by mild dementia and even more when
studying MCI subjects. Therefore, objective neurobiological mea-
sures of cognitive fluctuations are needed and we have previously
argued for that fluctuations of EEG dominant activity could repre-
sent a more sensitive instrument to diagnose cognitive fluctuations
(Bonanni et al., 2008).
Twenty (83.3%) MCI subjects presenting with abnormal EEGs (a
QEEG pattern different than 1 with either a DF <8.0 or DFV >1.5),
converted in the 3-year follow-up to DLB (the great majority, of
which [17 patients, 85%] were naMCI). Assuming that a diagnosis of
dementia depends upon the presence of a degree of global cognitive
impairment (MMSE <24), and the presence of a functional
impairment in activities of daily living (as widely accepted in
Fig. 4. Correspondence analysis evidencing the relationship between the compressed spectral array (CSA) patterns at admission to the study and patients’ condition at follow-up.
Abbreviations: AD, Alzheimer’s disease; DLB, dementia with Lewy bodies; EEG, electroencephalogram; MCI, mild cognitive impairment; MCI-AD, MCI subjects converted to AD at
follow-up; MCI-DLB, MCI subjects converted to DLB at follow-up; MCI-NC, MCI subjects stable at follow-up; MCI-others, MCI subjects converted to other types of dementia; P1, EEG
CSA pattern 1; P2, EEG CSA pattern 1 plusþ CSA pattern 2; P3, EEG CSA pattern 3; P4, EEG CSA pattern 4; P5, EEG CSA pattern 5.
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converters.
However, the MCI non converters with an EEG CSA different
than 1 all had either a positive SPECT-DAT scan or presented with
RBD. Thus, they could be tentatively classified as early or prodromal
DLB. This possibility enhances the significance of our results,
demonstrating that EEG may represent a powerful method to
distinguish DLB with a 100% sensitivity and specificity when com-
bined with other supportive features (McKeith et al., 2005).
If we look at the data retrospectively, among the 20MCI patients
converted to DLB dementia in the 3-year follow-up, 100% showed
abnormal EEG findings at the stage of MCI. Among the 14 MCI
converted to AD, only 1 patient had an abnormal EEG pattern at the
stage of MCI.
Therefore, it is very likely that anMCI subject with the described
EEG abnormalities (reduced DF and increased DFV defining EEG CSATable 5
Predictive value of the presence of early DLB clinical features for the diagnosis of
conversion to specific dementia
Classification
Observed Predicted
MCI-DLB MCI-NC MCI-AD Percent correct
MCI-DLB 15 0 5 75.0
MCI-NC 2 0 6 0.0
MCI-AD 2 0 12 85.7
Overall percentage 45.2 0.0 54.8 64.3
Key: MCI-AD, mild cognitive impairment converted to Alzheimer’s disease; MCI-
DLB, mild cognitive impairment converted to dementia with Lewy bodies; MCI-
NC, mild cognitive impairment non converters.patterns different than 1) who converts to dementia will convert to
DLB.
When looking at the EEGs of the 5 patients who developed
dementia in a form different than DLB or AD, none of these patients
presented with abnormal EEG patterns. The correlation between
oscillating EEG dominant frequency and fluctuating cognition is
confirmed by the fact that none of the 5 patients suffered from
cognitive fluctuations.
In keeping with the hypothesis that EEG abnormalities are
linked to fluctuating cognition, we found that although those pa-
tients with MCI who converted to AD presented with the same EEG
patterns found at admission to the study, in the MCI-DLB converter
group EEG abnormalities became more severe and matched ab-
normalities found in DLB patient group at onset, correlating with
increased prevalence and severity of cognitive fluctuations.
This suggests that, even if AD patients after 3 years of disease
show EEG pattern disruption, as suggested by follow-up data in the
50 AD patients included in the study for comparison, these changes
are modest as compared with DLB patients even at the stage of MCI.
This implies that instability of electrocortical arousal is a prominent
and early feature of DLB.
Our study has 2 main drawbacks: the presence of EEG normal
patterns in AD patients, at least when mathematical strict quanti-
tative methods are applied at onset of the disease (Bonanni et al.,
2008), makes very unlikely that, even when applying standard-
ized methods of quantitative EEG analysis, this will allow the pre-
diction of conversion to AD given that in our study it was impossible
to separate AD from healthy controls EEG patterns.
The current unfeasibility of using EEG as a predictive marker of
Alzheimer’s related dementia in MCI was recently underlined in a
meta-analysis, which claimed that because of variability of patients
L. Bonanni et al. / Neurobiology of Aging 36 (2015) 434e445444populations included in diagnostic groups with variable odds ratios,
sensitivity, and specificity of EEG analysis across the studies varied
widely. It might be, therefore, that the greater EEG abnormalities
observed by others in less recent “AD series” (Breslau et al., 1989;
Coben et al., 1983; Hughes et al., 1989; Leuchter et al., 1993; Prinz
and Vitiello, 1989; Rae-Grant et al., 1987) depend in part on het-
erogeneity of patient populations and, in particular, may reflect the
inclusion of a variable number of DLB cases misdiagnosed as having
AD. In support of this interpretation is the observation that in the
most recent literature (Abásolo et al., 2006; Franciotti et al., 2006;
Jeong, 2004; Kai et al., 2005; Mattia et al., 2003), EEG alterations
reported for AD patients were modest and consistent with those
shown in our study.
The second caveat comes from the notion that our patient
population was selected in a tertiary clinic including both a de-
mentia and a movement disorder center, therefore burdened by an
ascertainment bias toward dementia associated with parkinsonian
features (i.e., DLB) (Bonanni et al., 2013; Onofrj et al., 2010, 2013).
Consequently, replication of our findings by other research groups
are needed to validate quantitative EEG as a tool to predict the
development of DLB.
Disclosure statement
The authors have no conflicts of interest to disclose.
Appendix A. Supplementary data
Supplementary data associated with this article can be found, in
the online version, at http://dx.doi.org/10.1016/j.neurobiolaging.
2014.07.009.
References
Abásolo, D., Hornero, R., Espino, P., Alvarez, D., Poza, J., 2006. Entropy analysis of the
EEG background activity in Alzheimer’s disease patients. Physiol. Meas. 27,
241e253.
Albert, M.S., DeKosky, S.T., Dickson, D., Dubois, B., Feldman, H.H., Fox, N.C., Gamst, A.,
Holtzman, D.M., Jagust, W.J., Petersen, R.C., Snyder, P.J., Carrillo, M.C., Thies, B.,
Phelps, C.H., 2011. The diagnosis of mild cognitive impairment due to Alz-
heimer’s disease: recommendations from the National Institute on Aging-Alz-
heimer’s Association workgroups on diagnostic guidelines for Alzheimer’s
disease. Alzheimers Dement 7, 270e279.
Andersson, M., Hansson, O., Minthon, L., Rosén, I., Londos, E., 2008. Electroen-
cephalogram variability in dementia with Lewy bodies, Alzheimer’s disease and
controls. Dement. Geriatr. Cogn. Disord. 26, 284e290.
Auning, E., Rongve, A., Fladby, T., Booij, J., Hortobagyi, T., Siepel, F.J., Ballard, C.,
Aarsland, D., 2011. Early and presenting symptoms of dementia with Lewy
bodies. Dement. Geriatr. Cogn. Disord. 32, 202e208.
Babiloni, C., Lizio, R., Del Percio, C., Marzano, N., Soricelli, A., Salvatore, E., Ferri, R.,
Cosentino, F.I., Tedeschi, G., Montella, P., Marino, S., De Salvo, S., Rodriguez, G.,
Nobili, F., Vernieri, F., Ursini, F., Mundi, C., Richardson, J.C., Frisoni, G.B.,
Rossini, P.M., 2013. Cortical sources of resting state EEG rhythms are sensitive to
the progression of early stage Alzheimer’s disease. J. Alzheimers Dis. 34,
1015e1035.
Babiloni, C., Del Percio, C., Lizio, R., Marzano, N., Infarinato, F., Soricelli, A.,
Salvatore, E., Ferri, R., Bonforte, C., Tedeschi, G., Montella, P., Baglieri, A.,
Rodriguez, G., Famà, F., Nobili, F., Vernieri, F., Ursini, F., Mundi, C., Frisoni, G.B.,
Rossini, P.M., 2014. Cortical sources of resting state electroencephalographic
alpha rhythms deteriorate across time in subjects with amnesic mild cognitive
impairment. Neurobiol. Aging 35, 130e142.
Bickford, R.G., Brimm, J., Berger, L., Aung, M., 1973. Application of compressed
spectral array in clinical EEG. In: Kellaway, P., Petersén, I. (Eds.), Automation of
Clinical Elctroencephalography. Raven, New York, pp. 55e64.
Boeve, B.F., 2012. Mild cognitive impairment associated with underlying Alz-
heimer’s disease versus Lewy body disease. Parkinsonism Relat. Disord. 18
(Suppl 1), S41eS44.
Bonanni, L., Thomas, A., Tiraboschi, P., Perfetti, B., Varanese, S., Onofrj, M., 2008. EEG
comparisons in early Alzheimer’s disease, dementia with Lewy bodies and
Parkinson’s disease with dementia patients with a 2-year follow-up. Brain 131,
690e705.
Bonanni, L., Bontempo, G., Borrelli, I., Bifolchetti, S., Buongarzone, M.P., Carlesi, N.,
Carolei, A., Ciccocioppo, F., Colangelo, U., Colonna, G., Desiderio, M., Ferretti, S.,
Fiorelli, L., D’Alessio, O., D’Amico, A., D’Amico, M.C., De Lucia, R., Del Re, L., DiBlasio, F., Di Giacomo, R., Di Iorio, A., Di Santo, E., Di Giuseppe, M., Felice, N.,
Litterio, P., Gabriele, A.,Mancino, E.,Manzoli, L.,Maruotti, V.,Mearelli, S.,Molino, G.,
Monaco, D., Nuccetelli, F., Onofrj, M., Perfetti, B., Sacchet, C., Sensi, F., Sensi, S.,
Sucapane, P., Taylor, J.P., Thomas, A., Viola, P., Viola, S., Zito, M., Zhuzhuni, H., 2013.
Ascertainment bias in dementias: a secondary to tertiary centre analysis in Central
Italy and conceptual review. Aging Clin. Exp. Res. 25, 265e274.
Bradshaw, J., Saling, M., Hopwood, M., Anderson, V., Brodtmann, A., 2004. Fluctu-
ating cognition in dementia with Lewy bodies and Alzheimer’s disease is
qualitatively distinct. J. Neurol. Neurosurg. Psychiatry 75, 382e387.
Breslau, J., Starr, A., Sicotte, N., Higa, J., Buchsbaum, M.S., 1989. Topographic EEG
changes with normal aging and SDAT. Electroencephalogr. Clin. Neurophysiol.
72, 281e289.
Briel, R.C.G., McKeith, I.G., Barker, W.A., Hewitt, Y., Perry, R.H., Ince, P.G.,
Fairbairn, A.F., 1999. EEG findings in dementia with Lewy bodies and Alz-
heimer’s disease. J. Neurol. Neurosurg. Psychiatry 66, 401e403.
Burn, D.J., Barker, R.A., 2013. Mild cognitive impairment in Parkinson’s disease:
millstone or milestone? Pract. Neurol. 13, 68e69.
Coben, L.A., Danziger, W.L., Berg, L., 1983. Frequency analysis of the resting awake
EEG in mild senile dementia of Alzheimer type. Electroencephalogr. Clin.
Neurophysiol. 55, 372e380.
Cummings, J.L., Mega, M., Gray, K., Rosenberg-Thompson, S., Carusi, D.A.,
Gornbeinm, J., 1994. The Neuropsychiatric Inventory: comprehensive assess-
ment of psychopathology in dementia. Neurology 44, 2308e2314.
Declaration of Helsinki, 1997. Recommendation guiding physicians in biomedical
research involving human subjects. JAMA 277, 925e956.
Dubois, B., Slachevsky, A., Litvan, I., Pillon, B., 2000. The FAB: a frontal assessment
battery at bedside. Neurology 55, 1621e1626.
Fahn, S., Elton, R.L., Members of the Unified Parkinson’s Disease Rating Scale
Development Committee, 1987. Unified Parkinson’s disease rating scale. In:
Fahn, S., Marsden, C.D., Calne, D.B., Goldstein, M. (Eds.), Recent Development in
Parkinson’s Disease, vol. 2. Macmillan Healthcare Information, New Jersey,
Florham Park, pp. 153e164.
Ferman, T.J., Boeve, B.F., Smith, G.E., Silber, M.H., Kokmen, E., Petersen, R.C.,
Ivnik, R.J., 1999. REM sleep behavior disorder and dementia: cognitive differ-
ences when compared with AD. Neurology 52, 951e957.
Franciotti, R., Iacono, D., Della Penna, S., Pizzella, V., Torquati, K., Onofrj, M.,
Romani, G.L., 2006. Cortical rhythms reactivity in AD, LBD and normal subjects:
a quantitative MEG study. Neurobiol. Aging 27, 1100e1109.
Giaquinto, S., Nolfe, G., 1986. The EEG in the normal elderly: a contribution to the
interpretation of aging and dementia. Electroencephalogr. Clin. Neurophysiol.
63, 540e546.
Gilman, S., Low, P.A., Quinn, N., Albanese, A., Ben-Shlomo, Y., Fowler, C.J.,
Kaufmann, H., Klockgether, T., Lang, A.E., Lantos, P.L., Litvan, I., Mathias, C.J.,
Oliver, E., Robertson, D., Schatz, I., Wenning, G.K., 1999. Consensus statement on
the diagnosis of multiple system atrophy. J. Neurol. Sci. 163, 94e98.
Hughes, J.R., Shanmugham, S., Wetzel, L.C., Bellur, S., Hughes, C.A., 1989. The rela-
tionship between EEG changes and cognitive functions in dementia: a study in a
VA population. Clin. Electroencephalogr 20, 77e85.
Jeong, J., 2004. EEG dynamics in patients with Alzheimer’s disease. Clin. Neuro-
physiol. 115, 1490e1505.
Jurica, P.J., Leitten, C.L., Mattis, S., 2001. DRS-2 Dementia Rating Scale-2. Psycho-
logical Assessment Resources.
Kai, T., Asai, Y., Sakuma, K., Koeda, T., Nakashima, K., 2005. Quantitative electroen-
cephalogram analysis in dementia with Lewy bodies and Alzheimer’s disease.
J. Neurol. Sci. 237, 89e95.
Lee, D.R., Taylor, J.P., Thomas, A.J., 2012. Assessment of cognitive fluctuation in de-
mentia: a systematic reviewof the literature. Int. J. Geriatr. Psychiatry 27, 989e998.
Leuchter, A.F., Cook, I.A., Newton, T.F., Dunkin, J., Walter, D.O., Rosenberg-
Thompson, S., Lachenbruch, P.A., Weiner, H., 1993. Regional differences in brain
electrical activity in dementia: use of spectral power and spectral ratio mea-
sures. Electroencephalogr. Clin. Neurophysiol. 87, 385e393.
Litvan, I., Aarsland, D., Adler, C.H., Goldman, J.G., Kulisevsky, J., Mollenhauer, B.,
Rodriguez-Oroz, M.C., Tröster, A.I., Weintraub, D., 2011. MDS Task Force on mild
cognitive impairment in Parkinson’s disease: critical review of PD-MCI. Mov
Disord. 26, 1814e1824.
Litvan, I., Agid, Y., Calne, D., Campbell, G., Dubois, B., Duvoisin, R.C., Goetz, C.G.,
Golbe, L.I., Grafman, J., Growdon, J.H., Hallett, M., Jankovic, J., Quinn, N.P.,
Tolosa, E., Zee, D.S., 1996. Clinical research criteria for the diagnosis of pro-
gressive supranuclear palsy (Steele-Richardson-Olszewski syndrome): report of
the NINDS-SPSP International Workshop. Neurology 47, 1e9.
Mattia, D., Babiloni, F., Romigi, A., Cincotti, F., Bianchi, L., Sperli, F., Placidi, F.,
Bozzao, A., Giacomini, P., Floris, R., Marciani, M., 2003. Quantitative EEG and
dynamic susceptibility contrast MRI in Alzheimer’s disease: a correlative study.
Clin. Neurophysiol. 114, 1210e1216.
McKhann, G., Drachman, D., Folstein, M., Katzman, R., Price, D., Stadlan, E.M., 1984.
Clinical diagnosis of Alzheimer’s disease: report of the NINCDS-ADRDA Work
Group under the auspices of Department of Health and Human Services Task
Force on Alzheimer’s Disease. Neurology 34, 939e944.
McKhann, G.M., Albert, M.S., Grossman, M., Miller, B., Dickson, D., Trojanowski, J.Q.,
Work Group on Frontotemporal Dementia and Pick’s Disease, 2001. Clinical and
pathological diagnosis of frontotemporal dementia: report of the Work Group
on frontotemporal dementia and Pick’s disease. Arch. Neurol. 58, 1803e1809.
McKeith, I.G., Dickson, D.W., Lowe, J., Emre, M., O’Brien, J.T., Feldman, H.,
Cummings, J., Duda, J.E., Lippa, C., Perry, E.K., Aarsland, D., Arai, H., Ballard, C.G.,
Boeve, B., Burn, D.J., Costa, D., Del Ser, T., Dubois, B., Galasko, D., Gauthier, S.,
L. Bonanni et al. / Neurobiology of Aging 36 (2015) 434e445 445Goetz, C.G., Gomez-Tortosa, E., Halliday, G., Hansen, L.A., Hardy, J., Iwatsubo, T.,
Kalaria, R.N., Kaufer, D., Kenny, R.A., Korczyn, A., Kosaka, K., Lee, V.M., Lees, A.,
Litvan, I., Londos, E., Lopez, O.L., Minoshima, S., Mizuno, Y., Molina, J.A.,
Mukaetova-Ladinska, E.B., Pasquier, F., Perry, R.H., Schulz, J.B., Trojanowski, J.Q.,
Yamada, M., Consortium on DLB, 2005. Diagnosis and management of dementia
with Lewy bodies: third report of the DLB Consortium. Neurology 65,
1863e1872. Erratum in: Neurology. 65, 1992.
Morris, J.C., 1993. The Clinical Dementia Rating (CDR): current version and scoring
rules. Neurology 43, 2412e2414.
Onofrj, M., Bonanni, L., Manzoli, L., Thomas, A., 2010. Cohort study on somatoform
disorders in Parkinson disease and dementia with Lewy bodies. Neurology 74,
1598e1606.
Onofrj, M., Varanese, S., Bonanni, L., Taylor, J.P., Antonini, A., Valente, E.M., Petrucci, S.,
Stocchi, F., Thomas, A., Perfetti, B., 2013. Cohort study of prevalence and
phenomenology of tremor in dementia with Lewy bodies. J. Neurol. 260,
1731e1742.
Parnetti, L., Lanari, A., Amici, S., Gallai, V., Vanmechelen, E., Hulstaert, F., Phospho-
Tau International Study Group, 2001. CSF phosphorylated tau is a possible
marker for discriminating Alzheimer’s disease from dementia with Lewy
bodies. Phospho-Tau International Study Group. Neurol. Sci. 22, 77e78.
Parnetti, L., Tiraboschi, P., Lanari, A., Peducci, M., Padiglioni, C., D’Amore, C.,
Pierguidi, L., Tambasco, N., Rossi, A., Calabresi, P., 2008. Cerebrospinal fluid
biomarkers in Parkinson’s disease with dementia and dementia with Lewy
bodies. Biol. Psychiatry 64, 850e855.
Parnetti, L., Chiasserini, D., Eusebi, P., Giannandrea, D., Bellomo, G., De Carlo, C.,
Padiglioni, C., Mastrocola, S., Lisetti, V., Calabresi, P., 2012. Performance of ab1-40,
ab1-42, total tau, and phosphorylated tau as predictors of dementia in a cohort of
patients with mild cognitive impairment. J. Alzheimers Dis. 29, 229e238.
Petersen, R.C., Smith, G.E., Waring, S.C., Ivnik, R.J., Tangalos, E.G., Kokmen, E., 1999.
Mild cognitive impairment: clinical characterization and outcome. Arch. Neurol.
56, 303e308.
Petersen, R.C., Stevens, J.C., Ganguli, M., Tangalos, E.G., Cummings, J.L., DeKosky, S.T.,
2001. Practice parameter: early detection of dementia: mild cognitive impair-
ment (an evidence-based review). Report of the Quality Standards Subcom-
mittee of the American Academy of Neurology. Neurology 56, 1133e1142.
Prinz, P.N., Vitiello, M.V., 1989. Dominant occipital (alpha) rhythm frequency in early
stage Alzheimer’s disease and depression. Electroencephalogr. Clin. Neuro-
physiol. 73, 427e432.
Rae-Grant, A., Blume, W., Lau, C., Hachinski, V.C., Fisman, M., Merskey, H., 1987. The
electroencephalogram in Alzheimer-type dementia. A sequential study corre-
lating the electroencephalogramwith psychometric and quantitative pathologic
data. Arch. Neurol. 44, 50e54.Reisberg, B., Ferris, S.H., de Leon, M.J., Crook, T., 1982. The Global Deterioration Scale
for assessment of primary degenerative dementia. Am. J. Psychiatry 139,
1136e1139.
Rodriguez, G., Copello, F., Vitali, P., Perego, G., Nobili, F., 1999. EEG profile to stage
Alzheimer’s disease. Clin. Neurophysiol. 110, 1831e1837.
Roman, G.C., Tatemichi, T.K., Erkinjuntti, T., Cummings, J.L., Masdeu, J.C., Garcia, J.H.,
Amaducci, L., Orgogozo, J.M., Brun, A., Hofman, A., 1993. Vascular dementia:
diagnostic criteria for research studies. Report of the NINDS-AIREN Interna-
tional Workshop. Neurology 43, 250e260.
Sperling, R.A., Aisen, P.S., Beckett, L.A., Bennett, D.A., Craft, S., Fagan, A.M.,
Iwatsubo, T., Jack Jr., C.R., Kaye, J., Montine, T.J., Park, D.C., Reiman, E.M.,
Rowe, C.C., Siemers, E., Stern, Y., Yaffe, K., Carrillo, M.C., Thies, B., Morrison-
Bogorad, M., Wagster, M.V., Phelps, C.H., 2011. Toward defining the preclinical
stages of Alzheimer’s disease: recommendations from the National Institute on
Aging-Alzheimer’s Association workgroups on diagnostic guidelines for Alz-
heimer’s disease. Alzheimers Dement 7, 280e292.
Tiraboschi, P., Salmon, D.P., Hansen, L.A., Hofstetter, R.C., Thal, L.J., Corey-Bloom, J.,
2006. What best differentiates Lewy body from Alzheimer’s disease in early-
stage dementia? Brain 129, 729e735.
Tosun, D., Joshi, S., Weiner, M.W., Alzheimer’s Disease Neuroimaging Initiative, 2013.
Neuroimaging predictors of brain amyloidosis in mild cognitive impairment.
Ann. Neurol. 74, 188e198.
Valladeres-Neta, D., Buchsbaum, M., Evans, W., Nguyen, P., Nguyen, P., Siegel, B.,
Stanley, J., Starr, A., Guich, S., Rice, D., 1995. EEG delta, positron emission to-
mography, and memory deficit in Alzheimer’s disease. Neuropsychobiology 31,
173e181.
Walker, M.P., Ayre, G.A., Cummings, J.L., Wesnes, K., McKeith, I.G., O’Brien, J.T.,
Ballard, C.G., 2000. The Clinician Assessment of Fluctuation and the One Day
Fluctuation Assessment Scale. Two methods to assess fluctuating confusion in
dementia. Br. J. Psychiatry 177, 252e256.
Winblad, B., Palmer, K., Kivipelto, M., Jelic, V., Fratiglioni, L., Wahlund, L.O.,
Nordberg, A., Backman, L., Albert, M., Almkvist, O., Arai, H., Basun, H.,
Blennow, K., de Leon, M., DeCarli, C., Erkinjuntti, T., Giacobini, E., Graff, C.,
Hardy, J., Jack, C., Jorm, A., Ritchie, K., van Duijn, C., Visser, P., Petersen, R.C.,
2004. Mild cognitive impairment-beyond controversies, towards a consensus:
report of the International Working Group on mild cognitive impairment. J.
Intern. Med. 256, 240e246.
World Health Organization, 1992. The ICD-10 Classification of Mental and Behav-
ioural Disorders. WHO, Geneva.
Yesavage, J.A., Brink, T.L., Rose, T.L., Lum, O., Huang, V., Adey, M., Leirer, V.O., 1982-
1983. Development and validation of a geriatric depression screening scale: a
preliminary report. J. Psychiatr. Res. 17, 37e49.
